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1 ,
My invention relates to flexible couplings for
ducts and more particularly to means for sealing
and closing the space between the forward end

(CL

of a jet engine casing and the air inlet section of

the engine nacelle or other portion of the air-
frame.

As is generally known, a modern jet engine
when being started and warmed up, will “grow”
or increase in length due to ordinary thermal ex-
pansion until, by the time the engine is hot
enough to operate efficiently, it will have in-
creased substantially in overall length with the
expansion from the main engine mount to the
forward end of the engine enclosure varying
from one-quarter inch to as much as one-half
inch in certain cases. The forward coupling,
therefore, must be sufficiently flexible in con-
struction and manner of installation to com-
pensate for a longitudinal expansion-contraction
range of at least one-half inch, plus a reason-
able margin for safety.

Furthermore, to provide for proper weight
distribution and solid attachment to the airframe,
the main engine mount is usually located con-
siderably aft of the front of the engine enclo-
sure. Thus an inconsequential change in the
adjustment of the attachment fittings will cause
only a slight variation in engine position at the
mounting point, but this variation—increased
many fold when transmitted to the forward cou-
pling point—becomes an important dimensional
consideration, necessitating the use of coupling
means having large tolerance for variations in
the relative lateral placement of the adjacent
components.

The problems of engine growth and relative
lateral movement between associated parts are
only two out of many considerations involved in
airtight duct coupling installations of this type.
Other difficulties commonly encountered are
mentioned or implied in the following summary
of the objects of this invention.

Among the objects of this invention is to pro-
vide completely satisfactory duct coupling  and
sealing means fulfilling a. number of secondary
objective requirements, namely: (1) to offset or
compensate for changes in longitudinal dimen-
sions due to thermal expansion of the engine
while operating at high temperatures, and (2)
to permit lateral variations in engine glignment
at time of installation, as well as (3) to com-
pensate for minor displacements and relative
movement in all directions; (4) to maintain an
airtight closure under widely divergent condi-
tions of unequal internal and external air pres-
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sures, (5) to be self-sealing and completely auto-
matic in operation, (6) to be easily installed
without the use of special tools, and finally (7)
to be capable of berforming the aforementioned
functions without transmitting engine weight
loads and the strains of longitudinal and lateral
engine movements to the airplane itself.

Stated briefly, one form of my invention in-
cludes an annular, flexible coupling flange, U
shaped in cross section with substantially parallel
sidewalls extending inwardly, one sidewall being
reinforced and suitably perforated for bolting
to a mounting flange at forward end of the jet
engine casing, the other sidewall being terminated
in a reinforcing head extending outwardly to
make contact with a flat circular surface on the
aft side of the rear bulkhead of the air inlet na-
celle section.

When engine is cool and externsl air pressure
is slightly positive, the contact bead of the cou-
pling flange is free to move laterally across the
circular vertical surface of the inlet section
bulkhead seeking optimum positioning thereon
and adjusting for changes in longitudinal align-
ment of the engine; but when engine is started
and thermal expansion begins, the growth of the
engine forward of the engine mount moves the -
coupling flange forward and presses the bead of
the outer sidewall against the bulkhead surface at
the point of most favorable engine alignment,
where it is held even more firmly by the cooperat-
ing forces of ram air pressure, . thereby main-
taining an airtieht closure in spite of variations in
air pressure and relative movement in ahy direc-
tion during subsequent operaton of engine.

My invention can be most readily illustrated
and explained by a description of its use and op-
eration in one specific embodiment. So, for the
burpose of this application, I have elected to de-
scribe its use as an airtight coupling means for
jet engine air ducts, but it is to be distinetly un-
derstood that this limited presentation is made
for illustrative and explanatory purposes only,
and the citation of this single, typical example of
my invention is not to be interpreted in any
manner that might tend to restrict its complete
and most comprehensive application within the
full scope of the art and the broadest spirit of
the appended claims.

In the accompanying drawings.

Figure 1 is a perspective diagrammatic view of
2 jet propelled airplane with sections of the
engine nacelles cut away to show location of air
inlet sections, jet engines and positioning of air-
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Figure 2 is a longitudinal sectional diagram-
matic view of an engine nacelle with outer fair-~
ings removed, showing relative positions of air
inlet area in nacelle nose section, engine en-
closure, main and aft engine mounts, and air-
tight coupling flange.

Figure 3 is a cross sectional view of coupling
flange and mounting and contact rings when
engine is cold.

Figure 4 is a similar sectional view showing
relative position of parts when engine is heated.

Tigure 5 is a perspective view of the sealing
arrangement with a portion of the nacelle and
the inlet casing cut away.

My invention, in this particular form, includes
a flexible, circular, collar-like flange § as shown
in Figures 1 and 2, having a generally U-shaped
cross section 6 as shown in Figures 3, 4, and 5,
including a crowned body portion 7 forming the
center section of the flange at the point of
largest outside circumference thereof, and {wo
substantially parallel sidewalls 8 and ¢ extending
inwardly from said body portion 7 toward the
horizontal axis of the flange, one sidewall being
terminated in a V-shaped bead I8 positioned gen-~
erally perpendicular to said sidewall and point-
ing outwardly.

Except for two metallic reinforcements, the
entire coupling flange is fabricated preferably of
laminated neoprene-impregnated fabric or the
like and in outer and sectional contour resembies
t0 some extent a conventional clincher type bicy-
cle tire before application of the outer itread
except that only one sidewall is terminated in
an outwardly extending bead.

The other sidewall 8 is reinforced with a flat,
washer-like metal ring 12, which is molded en-
tirely within the fabric of the sidewall 8 and is
perforated to align with bolt holes in mounting
ring 13 affixed to the leading -outer edge 14 of
the engine enclosure 3.

‘When the reinforced sidewall 8 of the coupling
flange is bolted to mounting ring 13 of engine
enclosure 8 as indicated in Figure 3, {he cutward-
ly extending bead 18 on the other sidewall 8
extends forward adjacent to and parallel with a
contact ring 15 having a flat, circular surface {8
around the aft opening of the air inlet, said bead
i8 being reinforced with a continuous loop of
metal cable il which prevents circumferential
expansion of said bead and assures contact there-~
of with flat surface {6 of contact ring {5.

When engine is not operating and is cool, and
internal and external air pressures are approxi-
mately equal, the point of the outwardly extend-
ing bead 18 will align with, but may not quite
touch, said contact ring 195, or, depending upon
the stiffness of the crowned section 71 of the
flange, may make very light contact therewith.
But when engine is started and accelerated, a
negative internal air pressure, indicated by ar-
rows NIP in Figures 2 and 3, is built up due to
compressor suction. Thermal expansion and
longitudinal growth of the engine, indicated by
arrow TE, take place. In flight, ram air, signified
by symbol RA, is admitted.

The negative pressure built up by compressor
operation on the ground, will, when the engine
is cool, pull in additional inlet air through
nacelle opening O as indicated by arrows NIP,
past the bead i0 as shown in Figure 3. How-
ever, as soon as ram pressure, due to flight, builds
up in air inlet 2, this ram pressure inflates the
concave interior 6 of the flange, and cooperates
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in pressing the bead (0 firmly against the flat
surface of the contact ring 1§ and thereby, due
to the compressibility and compensating flexi-
bility of the fange with regard to relative move-
ment in any direction, maintains an airtight seal
throughout any sequence of variable pressure and
subsequent movement while the engine is hot,
and prevents loss of ram pressure in flight.

What is claimed is:

1. In an engine air ducting system for a jet
propelled airplane having as components a jet
engine and jet engine casing and an engine air
inlet duct, a device for coupling said jet casing
and said air inlet duct comprising an annuiar
flexible flange, generally U-shaped in cross sec-
tion with substantially parallel sides extending
inwardly, one sidewall being reinforced and being
joined o the forward end of said jet engine cas-
ing, the other sidewall being terminated in a
reinforced bead extending outwardly toward a
fiat ennular surface on a facing end of said
inlet duet, said bead being out of contact with
said flat ennular surface when said -engine is
eold and in the absenee of ram air, said-outwardly
extending bead heing moved into centact with
and pressed against said flat annular surface by
the thermal expansion of the engine casing as
said engine becomes hot, and held firmly there-~
against by said expansion force and by ram air
pressure in said duct, thereby mainiaining an
air-tight closure between said casing and said
duct.

5. In an engine air ducting system for a jet
propelled airplane having as components an air
inlet duct, a jet engine and a jet engine casing,
4 device for coupling said casing and said air
inlet duct comprising an aunnular flexible and
jaterally compressible fiange, generslly U-shaped
in cross section with substantially paraliel sides
extending inwardly, one sidewall being reinforced
and being joined to the ferward end of said jet
engine casing, the other sidewall being termi-
nated in a reinforced bead extending outwardly
toward a flat annular surface on a facing end
of said inlet duct, said bead being out of contach
with said flat annular surface when said engine
is cold to pass air to sald engine from the exterior
of said engine casing and inlet duct in the ab-
sence of ram air, said outwardly extending bead
being moved into contact with and compressed
against said flat annular surface of ducting com-
ponent by the thermal expansion of the engine
as said engine becomes hot, and held firmly
thereagainst by said expansion force and by ram
air pressure to define a continuous duct for
directing ram air to said engine.

3. in an engine air ducting system for a jet
propelled airplane having as componenis an en-
gine air inlet duct, a jet engine, and a jet engine
casing; a device for coupling a jet engine and
air inlet ducting members comprising an an-
nular flexible flange, generally U-shaped in cross
section with substantially parallel sides extend-
ing inwardly, one sidewall being reinforced and
being joined fo the forward end of said jet en-
gine casing, the other sidewall being terminated
in a bead extending outwardly adjacent to and
aligned with g flat annular contact surface on the
facing end of said air inlet duct but sufficiently
spaced therefrom to permit entry of outside air
during an engine warm up peried when the com-
pressor of said engine creates a strong negative
pressure inside said inlet duct yet, conversely,
spaced sufficiently near to said air inlet duct

with compression force of thermal expansion TE I8 contact surface that it is moved into firm con-
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tact therewith by thermal expansion of the
engine as said engine becomes hot, and is held
firmly thereagainst by said thermal expansion
force and by ram air bressure in flight, thereby
maintaining an airtight closure during all periods
of hot engine operation.

4. A gas turbine engine comprising a com-
bressor and having a compressor air inlet open-
ing at one end of said engine, an air duct having
an outlet opening opposed to and adjacent said
compressor air inlet opening, means for sup-
porting said engine to permit axial thermal ex-
pansion and contraction from said supporting
means toward said inlet opening thereof to
change the relative position of said compressor
alr inlet opening and said air duct outlet open-
ing, said engine support being positioned with
respect to said air duct outlet opening to provide
a gap between said air duct outlet opening and
said compressor air inlet opening when said
éngine is cold, said gap being closed by the
thermal expansion of said engine when said
engine is hot; and resilient material attached
around one of said openings in a position ad-
jacent the rim of the other of said openings but
spaced therefrom by a portion of said gap, an
edge of said material being movable toward said
rim by said engine expansion to contact said rim
when said engine is hot, said edge being main-
tained in substantially airtight contact with said
rim by the force of ram air pressure acting
against said material.

5. A gas turbine engine comprising a compres-
sor and having a compressor air inlet opening
at one end of said engine, an air duct having an
outlet opening opposed to and adjacent said
compressor air inlet opening, means for support-
ing said engine to permit axial thermal expan-
sion and contraction from said supporiing means
toward said inlet opening thereof to change the
relative position of said compressor air inlet
opening and said air duct outlet opening, said
engine support being positioned with respect to
said air duet outlet opening to provide a gap be-
tween said air duct outlet opening and said com-
pressor air inlet opening when said engine is cold,
said gap being closed by the thermal expansion of
said engine when said engine is hot; and resilient
material positioned between said openings, being
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fastened around said openings in a position ad-
jacent the rim of the other of said openings, said
material being out of contact with said rim when
sald engine is cold, said material being movable
under the urge of said engine expansion to move
toward said rim to contact said rim when said
engine is hot. '

6. A gas turbine engine comprising a com-
bressor and having a compressor air inlet open-
ing at one end of said engine, an air duct hav-
ing an outlet opening opposed to and adjacent
said compressor air inlet opening, means for sup-
porting said engine to permit axial thermal ex-
pansion and contraction from ‘said supporting
means toward said inlet opening thereof to
change the relative position of said compressor
air inlet opening and said air duct outlet opening,
sald engine support being positioned with respect -
to said air duct outlet opening to provide a gap
between said air duct outlet opening and said
compressor air inlet opening when said engine
is cold, said gap being closed by the thermal ex-
vansion of said engine when said engine is hot;
and a resilient material attached around one of
said openings adjacent a rim around the other

- of said openings to partially close said gap when

said engine is cold so that air can pass to said
engine through said gap in the absence of ram
air, said material being moved into contact with
said rim by thermal expansion of said engine to
completely close said gap to define a continuous
duct-to direct ram air to said engine,
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